Objective: The aim of this study was to characterize clinical success, impact on quality of life, and durability up to 1 year in women with fecal incontinence (FI) responsive to an initial test period with a trial vaginal bowel control system.
F ecal incontinence (FI) is a debilitating condition that negatively impacts quality of life, leads to social isolation, and increases the likelihood of institutionalization. [1] [2] [3] Prevalence rates in communitydwelling women range from 12% to 25%. [4] [5] [6] First-line treatment for FI is behavioral therapy, and there are limited other therapies available before more invasive surgical procedures are considered. Effective management may involve the use of multiple treatment modalities. A vaginal bowel control (VBC) system (Eclipse System; Pelvalon, Sunnyvale, Calif ) was designed to offer a low-risk, effective, and easily reversible treatment for FI. The system consists of a silicone-coated vaginal insert with posteriorly oriented balloon and detachable pump that reversibly deflects the rectovaginal septum and interrupts the passage of stool. A previous proof of efficacy and safety study revealed that at 1 month 78.7% of the intention-to-treat (ITT) cohort (95% confidence interval [CI] , 66%-88%; P < 0.0001) met success criterion; 85.7% (95% CI, 74%-94%, P < 0.0001) met success criterion in per-protocol (PP) analysis, and 85.7% of participants considered their bowel symptoms "very much" or "much better." 7 There was significant improvement in all Fecal Incontinence Quality of Life (FIQOL) and Modified Manchester Health Questionnaire total and subscale scores, with attainment of minimally clinically important differences and no device-related serious adverse events.
The objective of this study was to characterize clinical effectiveness and safety of the VBC system in women successfully fit and who attained a 50% or greater reduction in FI episodes in an initial test diary. End points were assessed at 3 through 12 months compared with baseline. We anticipated that a similar effectiveness and safety profile would be demonstrated with long-term use.
MATERIALS AND METHODS
Research approval was obtained from site-specific and other independent institutional review boards; all participants provided written informed consent. This was a prospective, open-label, 12-month clinical effectiveness trial of a VBC system in women with FI. Subjects were given a 2-week baseline bowel diary to determine study eligibility based on FI episodes. The diaries captured frequency, severity (staining, minor soiling, major soiling), consistency (Bristol Stool Scale), and any associated fecal urgency episodes. 8 Only major (required an immediate change of undergarment, pad, or clothing) and minor (more than staining, but did not require an immediate change of undergarment, pad, or clothing) FI episodes were used for eligibility criteria and outcome assessments. Stool staining alone was not considered a leakage episode.
Subject eligibility included women 19 years or older, with a history of FI for at least 6 months and a minimum of 4 FI episodes during the 2-week baseline bowel diary evaluation period. Participants also had to undergo a successful evaluation and treatment with a trial VBC system, which was a similar but less durable version of the long-term system. Participant exclusion criteria consisted of the following: FI primarily due to chronic watery diarrhea unmanageable by medications or diet, concurrent medical conditions such as urinary or colorectal infections, presence of a rectovaginal fistula, tumor of genitourinary or colorectal origin, inflammatory bowel disease, chronic pain syndromes of the pelvis and/or anorectal origin, vaginal prolapse extending beyond the plane of the hymen, previous rectal or pelvic surgery within the last 12 months (24 months in the case of cancer), congenital anorectal malformation, significant urogenital atrophy, presence of an open wound or tear in the vagina or anus, pregnancy or subjects planning pregnancy in the next 5 months, and any other significant medical conditions that would interfere with study participation such as psychiatric or neurological disorders or active alcohol or drug abuse that would increase the subject's risks due to participation.
Study subjects provided demographic data and previous interventions for FI including dietary/behavioral modifications, medications, pelvic floor therapy with or without biofeedback, and surgical procedures. A baseline pelvic and rectal examination was performed that included an assessment for prolapse, urogenital atrophy, and rectal resting and squeeze pressures.
Eligible patients proceeded to VBC system fitting, working directly with the provider to determine the appropriate size and inflation pressure (chosen from 3 preset ranges). Three attempts at successful fitting were allowed. Once successfully fit, the subject was entered into the run-in phase of the study. Subjects were instructed on system usage and received inflation/deflation, insertion/ removal, and cleaning instructions. Subjects meeting a 50% reduction in FI episodes during the run-in phase were offered continued participation into the treatment period and comprised the intent-to-treat (ITT) population. These patients were given the more durable VBC system.
The treatment phase of the study consisted of intravaginal device use for 12 months. Participants completed treatment bowel diaries documenting the last 2 weeks of each assessment period at 3 months (primary outcome time-point), 6 months, and 12 months. Adverse events (AEs), defined as any untoward medical occurrence, unintended disease or injury, or untoward clinical signs (including abnormal laboratory findings), were documented, and relationship to the investigational device was assessed. Adverse event severity was rated as mild (transient and easily tolerated by the subject), moderate (causes the subject discomfort and interrupts her usual activities), or severe (causes considerable interference with the subject's usual activities; may be incapacitating and may require hospitalization). All AEs were adjudicated by the clinical events committee chair and medical monitor.
The primary outcome was the proportion of patients with a 50% or greater reduction in the mean number of FI episodes by bowel diary during the 3-month treatment compared with baseline. This outcome was also evaluated at 6 and 12 months. The primary efficacy end point was the proportion of subjects achieving a 50% or greater reduction in FI episodes, based on the ITT population, defined as all subjects who were successfully fitted with the trial system and met the test diary requirements. Subjects who did not complete the full 3-month use or did not complete the treatment diary were classified as treatment failures in the ITT analysis. The null hypothesis (H 0 ) was that no more than 40% of women would have treatment success, and the alternative hypothesis (H A ) was that more than 40% of women would attain treatment success. Additional efficacy and secondary outcome analyses were performed on the PP population, which included subjects with at least 3-month follow-up and no major protocol deviations and who had a valid bowel diary at 3-, 6-, and 12-month treatment periods.
Postintervention physical examination assessments and secondary outcome measures were collected at 3, 6, and 12 months to further assess objective physical findings and subjective measures of improvement. Symptom severity was evaluated using the validated St Mark's (Vaizey) questionnaire.
9,10 The FIQOL 11 questionnaire was also completed at all time points and includes subscales with scores ranging from 1 to 4, except the Depression/ Self-perception (range, 1-6). Higher scores corresponding to better quality of life, treatment satisfaction, and Patient Global Impression of Improvement (PGI-I) for bowel control on a scale of 1 (very much better) to 7 (very much worse) were also obtained. 12 Adverse events were reported throughout the study. Postintervention assessments also included a pelvic examination to check for vaginal irritation or injury. The sample size calculation was based on an estimated 67% response rate, calculated from an estimated 85.6% success rate among study completers and 21.3% dropout within 3 months in a previous study. 7 With as few as 40 subjects, the analysis of the ITT population has greater than 90% power (α = 0.025) to detect a response rate greater than 40%. Additional subjects were enrolled in order to ensure that a sufficient number of subjects were present in the ITT population.
Results from St Mark's (Vaizey) and FIQOL total and subscales scores, numbers of FI episodes reported during a 2-week period, and continuous demographic and baseline variables were summarized using counts, means, and SDs. Changes from baseline in the questionnaire subscales, at 3, 6, and 12 months, were evaluated using a repeated-measures analysis of the change from baseline, with the baseline subscale score used as a covariate, on the PP population. Changes in the number of FI episodes were similarly analyzed. Responses to the PGI-I and the proportion of subjects reporting device satisfaction were also summarized. Proportions of subjects achieving 75% or greater reduction and 100% reduction (complete continence), and 50% or less reduction were calculated. Incidence rates were reported for device-related adverse events. SAS 9.4 (SAS Institute, Cary, NC) was used for all analyses.
RESULTS
Participants were recruited and treated from May 2015 to March 2018. A total of 252 women consented to participation in the study, and flow through the study is shown in Figure 1 . The majority of exclusions after consent were prefitting screen failures due to insufficient frequency of incontinence episodes on the 2-week baseline diary. Of 137 subjects who entered the fitting assessment, 85 (62.0%) achieved a successful fit and underwent test diary screening. Seventy-three (85.9%) of those subjects achieved at least a 50% reduction in FI episodes on their test diaries and continued participation in this 12-month treatment study. These 73 subjects who successfully completed the fitting process with the VBC system and achieved at least a 50% reduction in FI episodes in the test diary comprised the ITT population.
Relevant demographic and clinical characteristics of the ITT population are noted in Table 1 . The sample was predominantly white and postmenopausal, with a mean age of 61 years; 37 (50.7%) of 73 were sexually active within the last 6 months. At baseline, the mean ± SD and median number of FI episodes per 2-week period were 14.1 ± 12.15 and 10 (range, 4-83), respectively. Almost half (36/73, 49.3%) had experienced FI symptoms for more than 5 years, and 71 (97.3%) of 73 had attempted prior self-management strategies. Mean resting and squeeze Digital Rectal Examination Scoring System scores were 2.2 ± 0.8 (range, 1-4) and 2.1 ± 1.1 (range, 0-4), corresponding to mildly decreased resting tone and fair increase but below normal squeeze tone. Other bowel-specific symptoms are noted in Table 1 .
At 3 months, the success rate was 73% (95% CI, 61%-82%; n = 53/73; P < 0.0001) in the ITT population and 84% (95% CI, 73%-92%; n = 53/63; P < 0.0001) in the PP population. Success rates remained high at 6 and 12 months in the ITT population and improved to 90% to 94% in the PP population (Fig. 2) . In the PP population, complete continence was achieved in 37% (23/63), 49% (28/57), and 46% (25/54) at 3, 6, and 12 months, respectively. Mean incontinence episodes and St Mark's scores significantly decreased from baseline to all time points in the PP group, and FIQOL scores significantly increased (Fig. 3) . Major FI episodes/ 2 weeks decreased from 5.0 ± 6.03 baseline to 1.2 ± 1.88 and 0.5 ± 0.99 at 3 and 12 months, respectively (P < 0.0001). Similarly, minor FI episodes/2 weeks decreased from 9.1 ± 9.92 baseline to 1.8 ± 2.70 and 1.3 ± 2.29 at 3 and 12 months, respectively (P < 0.0001). The FIQOL scores significantly improved in all subscales as well (see Appendix, Supplemental Digital Content 1, http://links.lww.com/FPMRS/A71).
More than 90% of participants in the PP population reported that their symptoms improved on the PGI-I at 3 months, and this increase was sustained at 12 months (Fig. 4) , with more than 75% reporting that their symptoms were very much or much better at each time point. Satisfaction remained high in this group at 91.8% (56/61), 89.7% (52/58), and 94.4% (51/54) at the 3-, 6-, and 12-month time points, respectively.
There were no serious device-related adverse events experienced by subjects involved in any portion of the study; the majority Vaginal Bowel Control System of adverse events occurred during the fitting period, with n = 62 experiencing mild or moderate AEs related to the device. Of 73 subjects in the treatment period, n = 28 experienced mild or moderate AEs related to the device. The majority of vaginal wall injuries (94% in the treatment period) were mild, and none resulted in study discontinuation. During the fitting period, 80% of vaginal wall injuries were mild. Adverse events are noted in Table 2 .
DISCUSSION
The current study shows that after the VBC system is successfully fit it is a highly effective and durable nonsurgical treatment option for FI. This study validates the prior work demonstrating safety and efficacy of the VBC system at 1 month and demonstrates similar effectiveness and safety profile by both subjective and objective measures at 3, 6, and 12 months. In addition, it was found that nearly half (46%) of PP subjects had complete continence, and more than 80% of remaining PP subjects had more than a 75% reduction in FI symptoms at 12 months.
In 2016, the Agency for Healthcare Research and Quality (AHRQ) conducted an extensive systematic review on FI treatments and determined that there was little evidence for treatment effectiveness beyond 3 to 6 months and that existing evidence available was of low strength. 13 Additionally, they concluded there was not enough evidence to support one treatment over another and that surgical interventions carry higher risk.
14 These findings emphasize the importance of this nonsurgical, longerterm, safety, and efficacy trial.
Studies comparing other treatments for FI, in particular, sacral neuromodulation, anal bulking agents, and anal plugs, typically utilize the outcome measure of 50% or greater improvement in FI. This trial was designed to allow for similar comparisons between treatments with our primary outcome of 50% or greater improvement in FI, and high success rates at 3 months, which were maintained through 1 year. In an evaluation of a new single-use, Major FI episodes/2-wk period, mean ± SD 5.0 ± 6.03
Minor FI episodes/ 2-wk period, mean ± SD 9.1 ± 9.92 *Subjects were classified as urge-predominant, passive-predominant, or both if they reported "at least some of the time" to "I can't hold my bowel movement long enough to get to the bathroom," "I leak stool without even knowing it," or both on FIQOL, respectively. Participants reporting "a little" or "none" to both questions were excluded. † Subjects were classified as having fecal urgency if 25% or greater bowel movements (includes normal bowel movements, minor and major soiling episodes; excludes staining) were marked as "urgent" on bowel diary.
PT, physical therapy.
disposable anal insert (Renew Insert), 62% of subjects achieved a 50% or greater reduction in FI episodes in the intent-to-treat protocol. 15 For anal bulking agents, the results are relatively disappointing. In a randomized trial, 52% of the dextranomer in hyaluronic acid group had treatment success (>50% reduction in FI episodes at 6 months); however, there was a notable placebo effect as 32% of sham injection group had treatment success. 16 For sacral nerve stimulation, a multicenter study reported that among patients who went on to have a full implant 83% had treatment success on per-protocol analysis (≥50% improvement in FI) at 12 months, and 41% had complete continence. In the worst-case analysis that assumed failure if 12-month data were missing, success was 73%. 17 These findings are comparable to our PP success rate at 94% and 46% with complete continence at 12 months.
Further validation of the current results is the improvement in patient-reported outcomes of FI severity (St Mark's score), quality of life (FIQOL), patient impression of improvement (PGI-I), and satisfaction. Notably, the current data met the minimally important difference for both the St Mark's score (−5) and the FIQOL (1.1-1.2). 10, 18 Overall, the findings from this longer-term study
The highly efficacious and durable results seen in this study are likely due to the mechanical mechanism of the device. This device impacts the dynamic opening and closing of the anorectal canal to help replicate normal functioning of the rectum and may help patients by improving sensation. In the initial short-term study, this device was associated with a reduction in bowel movement frequency, less fecal urgency, increased solid consistency, and improved evacuation. 19 In the current study, the fitting process and run-in phase provided opportunities to identify patients with improvement in symptoms who were likely to be comfortable with the daily maintenance of the device, similar to other vaginal inserts such as pessaries. These visits were optimal times to discuss expectations and to ensure proper usage and cleaning of the device. Overall retention rates were high (74%, 54/73 completed all 12 months), and 98% (53/54) of patients opted to continue the device after the 12-month end of the study. The ease and comfort of device use likely improved with consistent use as with any new task or treatment regimen. Additionally, with any patientmanaged therapy, compliance is particularly important and noted retention rates (74%) were reasonable at 1 year. In fact, when all subjects who discontinued the study are categorized as treatment failures (ITT analysis), the rate of success at 1 year in this study is comparable to that of sacral neuromodulation, a more invasive surgical procedure (70% vs 73%, respectively). 17 A limitation of this study is that all women were not able to be successfully fit, similar to a vaginal pessary. Yet, 62% (85/137) of the women underwent a successful fitting, an improvement from the 54.5% in the initial study, which may be related to the provider learning curve. 7 In addition, shorter vaginal length and prior prolapse surgery may decrease the likelihood of successful fitting. 20 Another limitation is that the current study population had relatively severe FI, with a minimum of 4 major incontinence episodes over 2 weeks, and therefore, the results may not be generalizable to those with less severe FI or staining only. However, it is reassuring that an improvement was noted in both major and minor incontinence episodes. Because this was a safety and efficacy trial with strict inclusion/exclusion criteria, external validity, or generalizability, may be limited to populations different from the current participants. However, one could note that in subjects with more or fewer FI episodes the described trial period is straightforward and the device risk is low. Therefore, offering this treatment approach would not be unreasonable in the algorithm of clinical practice for women with FI. Finally, there was no control group to control for placebo effect, but with sustained benefit noted over 12 months with both objective and subjective assessments using a low-risk device, we feel that these results are valid. A major strength of this study is that it was conducted across multiple clinical sites across the country and that the study population was fairly diverse. These longer-term results confirm the initial short-term findings of the original study of this VBC system, highlighting the durability of this novel device. 7 Furthermore, improvement in objective data with reduction in FI episodes was noted as well as multiple patient-reported outcomes using validated symptom-specific severity and quality-of-life measures.
In conclusion, the VBC device is a safe, effective, and durable treatment option for women suffering from FI and could be utilized early in the FI treatment algorithm concomitantly with other treatment options. This prospective, multicenter study provides critically important longer-term results of this new system. Future efforts should focus on long-term, comparative studies, 21 which include the evaluation of this safe and effective VBC system.
